Introduction
During restorative treatment of posterior teeth, removal of tooth structure through cavity preparation has been shown to weaken teeth and increase their susceptibility to fracture. 1 Studies on the weakening of teeth by class I and class II cavity preparations and the effect of restorations in strengthening of the prepared tooth have been conducted experimentally. 2 Depending on the extent of the class I and class II cavity, restorative treatment is planned and most appropriate restorative material is used to restore the prepared tooth cavity. Today there are numerous Dental materials from which the material can be selected for restoring cavities prepared on posterior teeth. These Dental materials include Silver amalgam, Composite, Glass ionomer cement, Gold inlays, Cast metals, Ceramics.
Silver amalgam has successfully served the profession for over a century. Silver amalgam is appropriate for use in individuals of all ages, in stress-bearing situations for restoration of small-to moderatesized cavities on posterior teeth. Silver amalgam is used in posterior teeth for its high compressive strength and longevity. 3 The main reasons for restoration failure are secondary caries, fracture of restoration with insufficient bulk or fracture of the remaining tooth structure, loss of mechanical retention, marginal deficiencies and wear. 4 The major drawbacks of Silver amalgam restorations are brittleness, low tensile strength, dark appearance and mercury toxicity. 3 Gold is used as restorative material in conservative dentistry, either as a pure metal, or alloyed together with noble metals and base metals. The use of pure gold is limited to direct filling of small occlusal cavities. In recent years pure gold has also been used through the electroforming process. Electroformed inlays and onlays are suitable to be cemented into prepared cavities after they have been veneered with porcelain. Inlays, onlays and partial crowns from high gold alloys can be precisely fabricated in the dental laboratory with an excellent marginal fit and longevity for many years. 5 Causes of gold inlay failures are recurrent caries, periodontal breakdown, sensitive teeth, tooth fracture, poor esthetics, and loss of retention. 6 Glass ionomer cement is a good asthetic material which bonds chemically as well as mechanically to the tooth structure, it is used to restore small to moderate size tooth cavity. One of the advantages of glass ionomer cement, compared to other restorative materials, is that they can be placed in cavities without any need for bonding agents7 ,they also have good biocompatibility. 7, 8 Posterior Composite resins offer excellent esthetic potential and acceptable longevity without the need for extensive sound structure preparation, allowing minimally invasive preparation or sometimes no preparation at all.
Posterior composite resins with improved mechanical properties are used for restoration of small to moderate size cavities on posterior teeth. Some of the disadvantages of posterior composites resins are polymerization shrinkage, microleakage, post operative sensitivity and discolouration over a period of time. Manufacturers are working aggressively to improve resin composite materials by modifying components to decrease polymerization shrinkage, to improve mechanical and physical properties, and to enhance handling characteristics. The main causes of failure of posterior composite restoration are microleakage which leads secondary caries and fracture of either restoration or tooth. 9 Time-saving restorative materials are an ongoing demand for posterior applications. A new resinbased composite (RBC) material class, the bulk-fill resin based composites, has been introduced in the past few years. They are mainly used for class I and class II restorations. They are an attempt to speed up the restoration process by enabling up to 4 mm or 5 mm thick increments to be cured in one step, thus skipping the time-consuming layering process. Bulk-fill resin based composites are also marketed as restoratives that are particularly well suited for patients with limited compliance. Moreover, the rheology of these materials is thought to have changed, thus allowing a better adaption to the cavity walls and resulting in a self leveling effect. 10 Ceramic is said to be the most biocompatible material in dentistry. Ceramic has been well used in dentistry since many years. The disadvantages of ceramics are porcelain weakness, microleakage, cement failure, and poor fit. Recent developments in dental material science have led to the development of all ceramic material with high strength. It is chemically indestructible in oral environment. Its colour translucency and vitality cannot be matched by other materials. This is due to qualities like esthetic, long-lasting material, and to the ability to effectively bond metalfree ceramic restorations to tooth structure using acid-etch techniques and adhesive cements, which attributed to its usage. Ceramics possess distinct advantages when compared with resin composites. Generally ceramics exhibit incomparable esthetics, superior wear resistance, and exceptional bond strength to tooth structure when bonded adhesively. Indirect aesthetic adhesive restorations have been clinically accepted restorations for posterior teeth.
Ceramic inlays are indicated where esthetics and structural reinforcement become primary requisites and tooth preparation goes beyond the recommended limits for direct application of resin composites. This is particularly true in cases involving complex restorations or mesio-occlusodistal preparations in which the isthmus width covers half or more of the distance between cusp tips. 11, 12 Indirect inlays are adhesively bonded to teeth using resin cements which have a higher bond strength to tooth compared to other luting agents, such as zinc phosphate and glass-ionomer cements. 13, 14 Strong, complete bonding of the inlay to tissue potentially results in an increase in tooth fracture resistance. 15 According to some authors, ceramic inlays maintain better anatomic form of the surface and exhibit better marginal integrity, 16, 17 as well as stabilize the weakened cusps better than composite resin inlays. 18, 19 Others report improved marginal adaptation 20 and higher strength of teeth restored with composite resin inlays compared to ceramic inlays. [21] [22] [23] Still other reports have shown that the fracture resistance of teeth with both ceramic and composite resin inlays is similar. [24] [25] [26] [27] Previous studies on strength of teeth restored with ceramic or composite resin inlays could not resolve which restoration material provides greater strength and marginal integrity. 28, 29 The aim of this In vitro study was to compare and evaluate the fracture resistance of posteior teeth restored with high strength Ceramic inlay and Hybrid composite restoration.
II. MATERIAL AND METHOD
Thirty intact, non-carious, human maxillary premolar teeth that were planned for orthodontic extraction within six month period of start of the study were used in this study. Extracted teeth were handled as per the recommendation and the guidelines laid down by Occupational Safety and Health Administration (OSHA) and Center for Disease Control (CDC). Teeth were free of caries, cracks and restorations, teeth were thoroughly rinsed in running water. Any calculi and soft tissue deposits were removed with hand scaler (Gracey Hu-Friedy scaler). The teeth were cleaned properly with prophylactic paste using rubber cup and were then stored in a beaker in 0.9 % normal saline solution at room temperature. The thirty teeth were randomly divided into 3 experimental group of 10 teeth each : Group A -comprising sound/unprepared teeth (control).
Group B-comprising of Class-II direct composite resin restored teeth. Group C -comprising Class-II ceramic inlay restored teeth. Teeth in the three different groups were treated as follows: Group A: Consisted of Sound/unprepared teeth which were kept intact as control for comparison with study groups. Group B: Class-II mesio-occlusal cavity was prepared in each tooth using a tungsten carbide straight fissure bur (FG 172, KERR Haw, Canada) using high-speed water-cooled hand piece (NSK, Japan) with 2 mm depth pulpally, 4 mm deep in proximal boxes, width of cavity was 1/3rd of intercuspal distance, and cavosurface angle was beveled using flame shaped diamond finishing bur (NeoDiamond, Finishing Burs -FG, Canada). Standardized depth was verified with a scaled periodontal probe (Instrument number 23/ UNC 15; Hu Friedy, Chicago, IL, USA). Prepared cavities were thoroughly rinsed with water and excess moisture was removed with faint air jet leaving dentinal surface slightly moist. For restoration of prepared cavities with Hybrid bulk fill composite resin (X-tra fil, bulkfill, Voco, Germany) etching and bonding of prepared cavities was done with bonding agent (Bondfix, Self etch bond, Voco, Germany). A moderately thin layer of bonding agent was applied on enamel and dentine using an applicator and was allowed to act for 20 seconds, bonding agent layer was dried with air jet for atleast 5 seconds. Polymerisation of bonding agent was done with blue LED light (DP387 LED curing light, Foshan, China) for 10 seconds. The Toffelmire retainer system was applied with ultra thin metal band and teeth were restored with Hybrid composite resin (X-tra fil, bulkfill, Voco, Germany) followed by light curing with blue LED curing light (DP387 LED curing light, Foshan, China) was done for 10 seconds according to the instructions given by the manufacturer.
Group C: Class-II mesio-occlusal inlay cavity was prepared using inlay cavity cutting Carbide burs no.271and 169 L to prepare inlay cavity with 2 mm depth pulpally, 4 mm deep in proximal boxes , width of cavity was 1/3rd of intercuspal distance, and cavo surface angle was not beveled. Custom impression tray was built using self cure acrylic resin. Impression of prepared tooth was taken with an addition silicon impression material in an individual plastic custom tray and working cast was prepared in investment material in vacuum mixer. wax pattern of inlay was prepared on the working cast. Inlay wax pattern was invested in gypsum investing material using ring former, investment mold was formed and wax burnout was carried out at 830 degree Celsius in the furnace, after wax burnout IPS e.max Lithium Disilicate (Ivoclare Vivadent, India) ceramic ingot was placed in investment mold and the mold was kept in the pressing machine (Multimatch 2 plus press machine) for fabrication of ceramic inlay restoration. Ceramic inlay restorations were finished and the internal fits of restorations were evaluated. Restorations were measured with thickness gauge and an occlusal thickness of 1.5-2 mm was considered as adequate. Internal or adhesive surface of ceramic inlay was treated with 10% hydrofluoric acid (Porcelain etchant, Angelus, Brazil) solution for 20 seconds, and then rinsed with water and then air dried. These etched porcelain surfaces were treated with a silane coupling agent (Ultradent ) for 1 minute. Enamel surfaces of cavities were air dried and then treated with bonding agent (Bondfix, Self etch bond, Voco, Germany). A moderately thin layer of bonding agent was applied on enamel and dentine using an applicator and was allowed to act for 20 seconds, bonding agent layer was dried with air jet for atleast 5 seconds. Polymerisation of bonding agent was done with blue LED light for 10 seconds. Ceramic inlays were cemented with dual cure ( Paracore,Coletene, Switzerland) adhesive cement . Cement was hand mixed and applied to both prepared teeth and ceramic inlay restoration. After seating of restoration on the prepared teeth once cement sets, excess cement was removed with scaler followed by light curing and polymerisation of dual cure cement using blue LED curing light (DP387 LED curing light, Foshan, China), light curing was done for 10 seconds according to the instructions given by the manufacturer. Finishing burs were used to futher remove excess cement and smoothen the surface of teeth.
Each tooth was vertically positioned in the center of the plastic ring mould . Its root was embedded in a plastic cylinder of self-curing acrylic resin (Dentsply Ltd. UK). Each cylinder was 20 mm in height and 15 mm in diameter, each tooth was embedded up to 1.0 mm below the cementoenamel junction. Each tooth was carefully positioned to maintain the occlusal surface parallel to the cylinder's base to permit correct alignment and prevent oblique forces during the axial compression test. Before the fracture strength test, the specimens were stored in distilled water at room temperature for 1 week. Thereafter, the specimens were individually tested in a universal testing machine (Model-KUT 20, Ratnakar Enterprises, Maharashtra, India) at a crosshead speed of 0.5 mm/min. For this purpose, a 3 mm diameter cylindrical bar was mounted in the moving arm, which was in contact with the occlusal surface of the tooth during the fracture test. All specimens were loaded by compression force until fracture. The ultimate fracture load was recorded.
III. Observation And Results
Data collected by experiments were computerized and analysed using Statistical Package for Social Sciences (SPSS) version 17.0. Results were expressed as the mean and standard deviation between the three main groups Group A Intact unprepared teeth, Group B comprising of Class-II direct composite resin (X-tra fil, bulkfill, Voco, Germany). restored teeth. Group C comprising Class-II ceramic inlay-IPS e.max Lithium Disilicate Ceramic (Ivoclare Vivadent, India) restored teeth. The three main groups were compared with respect to final fracture resistances of the specimens using Student's t test. A probability value of <0.05 was considered to be statistically significant.
Out of the three groups Group C had the highest kilo newton (KN) values for fracture resistance of teeth followed by Group A. Whereas Group B had the lowest kilo newton (KN) values for fracture resistance of teeth. Statistical analysis was done using Unpaired student's t test. We found that Group C had highest kilo newton (KN) values for fracture resistance compared to Group B ( t = 0.67, d.f.=18, P <0.05) . Null hypothesis was rejected as fracture resistance of Group C was significantly higher than Group B . However, Group A and Group B did not differ significantly in fracture resistance from eachother (t = 0.12, d.f = 18, P >0.05). Between Group C and Group A the average kilonewton (KN) value for fracture resistancefor Group C was significantly higher than Group A (t = 0.58, d.f = 18, P< 0.05).
IV.
Figures and Tables KN -Kilo Newton -require to the fracture tooth
V. Discussion
The world wide prevalance of Dental caries is 90 percent among adults. Posterior teeth cavities are restored with various Dental restorative materials, which are Silver amalgam, Gold inlays, Type II Glass ionomer cement, Posterior composite resins and Ceramics. 31 When substantial tooth structure is lost due to dental caries on posterior tooth surfaces, in such conditions tooth is restored with inlays and onlays. Inlays are known to strengthen the tooth structure. After an inlay restoration a tooth can bear upto 50 to 75 percent more chewing forces. An inlay is indicated for restoration of tooth with extesive dental decay, correction of occlusion, when superior contacts and contours are desired, restoration of subgingival lesions, and when superior esthetics and finish are required. Inlays are contraindicated in developing and deciduous teeth, patients with high plaque index, bruxism, extensive occlusal wear facets involving remaining ridge of the tooth. Inlays can be made of gold, metal alloy, ceramic or composite materials.
Composite resins restorations are widely used for restoration of posterior teeth. Composites are used either as direct or indirect adhesive restorations. Composite resins are Both direct and indirect composite restorations exhibit similar flexure strength, flexure modulus, and hardness. 32 Direct composite restorations have been considered as one of the most favorable restorations, mainly due to their high compressive strength,tensile strength, excellent esthetics, easier to polish, preservation of more sound tooth structure, cost is less, less abrasive to opposing tooth , less time consuming and the fact that the restoration is placed in a single visit. 33, 34 Indirect composite and ceramic restorations are among other commonly practiced posterior restoration techniques but their use is more time-consuming. 35 However, primary reason for failure of Composite resin restoration was postoperative sensitivity, shrinkage of few percent in volume during hardening which leads to polymerization shrinkage and stress , microleakage, marginal discolouration of restoration, fracture of tooth or restoration, wear off, loss of bond between tooth, and restoration or loss of marginal adaptation and secondary caries. 32 Composite material used in present study was a Hybrid composite resin. Hybrid composite resin has average filler particle size ranging between 0.6 to 1 micron, this distribution of particle size maximizes filler DOI: 10.9790/0853-1605012329 www.iosrjournals.org 27 | Page loading, filler loading is upto 70 to 80 percent by weight, which improves strength, handling property, aesthtics, polishability and reduced stickiness. All-ceramic inlay restorations are superior in terms of compressive strength, esthetics, biocompatibility, colour stability, and wear resistance. 36, 37, 38 There is limited marginal deterioration; therefore, they are not predisposed to marginal discoloration or secondary caries. Patients rarely suffer from postoperative sensitivity after placement of the ceramic inlay. 39 Several studies have also shown that the all-ceramic inlay restorative procedure can provide a tooth strengthening effect. 25 However, they have some disadvantages, such as fragility, the need for a specialized laboratory, high cost and wear on the antagonistic tooth.
In the last few years, many types of all-ceramic materials, with high values of compressive strength, have been developed and improved adhesive techniques have enabled their use in many clinical situations. 31 With the development of dentin adhesive systems with high bond strength and the introduction of resin luting cements, the all-ceramic inlay became another restorative option for posterior teeth. Resin cement used for cementation of adhesive restoration is elastic and tends to deform under stress making them capable of absorbing more stress. Therefore, success of ceramic inlay is also dependent on the creation of an uncompromised adhesive tooth ceramic interface. 39 Heat pressed All ceramic materials are either leucite (KAlSi2O6 or K2O.Al2O3.4SiO2) based or Lithium Disilicate (Li2Si2O5) based as a major crystal. The mechanical property of ceramic materials are maximized in heat pressed system due excellent crystal dispersion, higher crystallinity, and smaller crystal size.
The ceramic material used in present study was a Second generation pressible ceramic, IPS e.max Lithium Disilicate. Lithium disilicate (LS2) glass-ceramic is ideally suitable for the fabrication of monolithic single-tooth restorations. This innovative ceramic provides highly esthetic results and, compared to other glassceramics, demonstrates a strength that is 2.5 to 3 times higher than other ceramics, given the high strength of 360-400 MPa, the restorations offer flexible cementation options.
Teeth becomes more brittle with age and are therefore more susceptible for cracking and fracture especially if the tooth has been weakened by restorative procedure. 40 The effect of masticatory stresses on teeth either restored or unrestored is variable. Sound teeth rarely fracture from masticatory stresses, but cusp fracture may occur in teeth with cavity preparation and restorations. 41 Cavity preparations significantly weaken the remaining tooth structure. Direct and indirect intracoronal adhesive restorations can partly restore fracture resistance of teeth weakened by wide cavity preparation. 42 Therefore, adhesive restorations are useful to reinforce the tooth weaken by cavity preparation. 43 The findings of the present study are consistent with those of previous investigations 45, 46, 47 , which consider that acid etching and adhesive techniques do reinforce dental structure in a way that the stiffness values of restored teeth approximate the values of sound teeth. Ceramic inlays with 1/2 or 1/3 of the intercuspal distance, luted with resin cements, can recover tooth strength near that of intact teeth. 30, 46 Present findings were also consistent with studies done by Desai 3,32,42,43,44.46,47,48 Desai PD et al. in their study reported that fracture resistance of tooth restored with ceramic inlay is as good as intact tooth or more and fracture resistance of tooth restored with hybrid composite is less than normal tooth and tooth restored with ceramic inlay. Marimoto et al . reported that fracture strength of teeth restored with inlay and onlay ceramics are near to normal teeth. 48 Dejak et al . also reported that adhesively bonded composite resin and ceramic inlay reinforce the structure of the posterior teeth. 32 Santos et al . found in his research that cavity preparation significantly weakens the remaining tooth structure, and direct and indirect intracoronal adhesive restorations can partly restore fracture resistance of teeth weakened by wide cavity preparation. 42 Dalpino et al . have checked fracture resistance of teeth restored with direct and indirect composite resin and indirect ceramic restorations. They found that bonded indirect ceramic restoration requires higher load to fracture than direct and indirect composite resin restorations. A bonded indirect restoration with ceramic is ideal option for restoring teeth weakened by wide cavity preparation. 44 Yamanel et al . had done an evaluation on the effects of restorative materials and cavity design on stress distribution on the tooth structures and restorative materials, the results of this study showed that in the case of materials with low elastic moduli, more stress was transferred to the tooth structures. Therefore, compared to the nanofilled composites, the all ceramic inlay and onlay materials tested transferred less stress to the tooth structures. 43 Eackle et al . found in their study that fewer fractures occur in teeth if cavity preparation is conservative. 47 The findings of present study, between fracture resistance of intact unprepared tooth and tooth restored with Bulk fill hybrid composite resin were in accordance with the studies done by Jensen et al, 46 Ausiello et al, 49 Dalpino et al and de Freitas et al 50 reported no significant difference in fracture resistance between intact teeth and teeth restored with composite resin. De Freitas et al 50 investigated the effect of various adhesive restorative techniques on fracture resistance of maxillary premolars. The results showed that fracture resistance of the teeth restored with direct composite resin was not statistically different from that of intact teeth. 46 Ausiello et al conducted a study on fracture resistance of endodonticallytreated premolars restored with adhesive restoration and concluded that fracture resistance of sound intact tooth DOI: 10.9790/0853-1605012329 www.iosrjournals.org 28 | Page and tooth restored with direct composite was not significatly different and several adhesive restorative system could satisfactorily be used to restore teeth after endodontic therapy. 49 Dalpino et al conducted a study on fracture resistance of teeth directly and indirectly restored with composite resin and indirectly restored with ceramic materials and demonstrated that a bonded direct and indirect restoration could satisfactorily be an ideal option for restoring teeth weakened by wide cavity preparation. 50 Composite material used in this study was bulk fill hybrid composite resin, (X-tra fil, bulkfill, Voco, Germany). Jon Peter Vandewalker et al in their study stated that compared to the incrementally placed composite (Filtek Z250), the new dualcure, bulk-fill restorative composite resins in self-cure mode had unlimited depth of cure along with similar fracture toughness and porosity formation. However, they also exhibited greater polymerization shrinkage and microleakage. 51 de Assis FS et al found that between Bulk fill material restorations and incrementally filled composite restorations fracture resistance, microtensile bond strength, and marginal integrity values were not statistically significantly affected by application technique or preparation size. 52 Above studies prove that bulk fill composite material posses similar mechanical properties as incrementally placed Direct posterior composite resins.
From the findings in this In vitro study it can be said that Ceramic inlay is a better posterior restorative alternative as compared to Hybrid composite resin as far as the fracture resistance is concerned and Hybrid composite resin can increase fracture resistance of a tooth to a level comparable with that of intact tooth. However further In vivo studies are to be conducted to evaluate the clinical success and fracture resistance of Ceramic inlays and Hybrid composite resin as Posterior restorative material.
VI. Conclusion
Material knowledge has evolved, new materials have been developed like the ceramic and hybrid composite resin. Based on the results obtained under in vitro experimental conditions of this study, the following conclusions can be reached. 1. It can be said that Ceramic inlay is a better posterior restorative alternative as compared to Hybrid composite . 2. The hypothesis that direct composite resin and Ceramic inlay restorations would increase fracture resistance to a level comparable with that of intact teeth was accepted.
From this in-vitro study it can be concluded that adhesively bonded restorations such as composite and ceramic inlays are good and optimal replacement for lost tooth structure. Ceramic inlay is better restorative alternative as compared to direct composite resin as far as the fracture resistance is concerned. However further In vivo studies are to be conducted to evaluate the clinical success and fracture resistance of Ceramic inlays and Hybrid composite resin as Posterior restorative material.
